Most chronic neck pain is the result of degeneration of the cervical spine. IL-1b may play an important role in intervertebral disc degeneration. This being the case, inhibiting IL-1b could provide a therapeutic approach for reducing or preventing disc degeneration. Muscone reportedly relieves pain and suppresses inflammation. Therefore, we asked whether muscone, a potent antiinflammatory agent, could reduce proinflammatory cytokines in vitro (end-plate cartilage cultures) and end-plate degeneration in vivo (a rat model that induces intervertebral disc degeneration). In vitro, muscone reversed IL-1b-induced upregulation of IL-1b, tumor necrosis factor a, cyclooxygenase 2, inducible nitric oxide synthase, matrix metalloproteinase 13, aggrecanase 2, and nitric oxide and downregulation of Col2a1 and aggrecan. Pretreatment with muscone (6.25, 12.5, 25 lmol/ L) inhibited the IL-1b-induced phosphorylation of extracellular signal-regulated kinases 1/2 and c-Jun N-terminal kinase in a dose-dependent manner. In vivo, muscone inhibited the expression of prostaglandin E2, 6-keto-prostaglandin F1a, IL-1b, and tumor necrosis factor a and recovered the structural distortion of the degenerative disc. Our findings suggest muscone is a promising agent for treating intervertebral disc degeneration through its antiinflammatory effects.
Introduction
Neck pain is one of the most common chronic conditions affecting the quality of life and sometimes causing disability in adults. Most chronic neck pain is the result of degeneration of intervertebral discs (IVDs) in the cervical spine [2, 3] . An intact end-plate cartilage is critical for normal IVD functions, as the major nutrient supply of IVDs is diffused through end plates [18, 45] . Pathologic changes in end-plate cartilage are closely related to IVD degeneration [45] and thus to cervical spondylopathy. Prevention and reduction of lesions in the vertebral end plate therefore are high research priorities.
Although the etiopathogenesis of IVD degeneration is not completely understood, it is believed sustained production of the proinflammatory cytokine IL-1b in the affected IVD may play a pivotal role in degeneration [23] .
Although IL-1b is synthesized by the normal end-plate chondrocytes in physiologic conditions, its overproduction disturbs the normal balance of catabolic and anabolic events with an increase in degradative enzymes and a decrease in the expression of genes for matrix proteins [15, 23, 24] . Also, IL-1b transcriptionally induces the expression of cyclooxygenase 2 (COX-2) [39] associated with sciatica and radiculopathy [40, 46] and stimulates the production of prostaglandin E2 (PGE2), which also may cause pain [28, 36] . IL-1 also stimulates nitric oxide (NO) production and inducible nitric oxide synthase (iNOS) expression in disc cells [17, 21] , and NO serves as a key signaling molecule, participating in the induction of apoptosis and modulation of proteoglycan and collagen production in disc cells [11, 14, 34] . IL-1b triggers several signaling cascades in chondrocytes, including activation of extracellular signal-regulated kinases p42/p44 (ERK1/2), c-Jun N-terminal kinase (JNK), and mitogen-activated protein kinase P38 (P38-MAPK) [20, 35] . As a result, expression of COX-2 and iNOS promotes inflammation, and upregulation of matrix metalloproteinases (MMPs) may induce degradation of Type II collagen [9, 10, 27, 31, 33] . Thus, blocking IL-1b's effect on end-plate cartilage may help in identifying novel therapeutic targets for IVD degeneration [6, 16] .
Musk, an odoriferous animal product, has been widely used in China for treatment of sprains and fractures. It is believed musk improves local microcirculation and relieves pain caused by chronic inflammation [26, 30, 42] . Until the late 19th century, musk was obtained only from natural sources. However, in current traditional Chinese medicine, natural musk has been replaced mostly with its chemically synthesized counterparts. These compounds can be divided into three major classes: aromatic nitro musks, polycyclic musk compounds, and macrocyclic musk compounds. Muscone (3-methylcyclopentadecanone) ( Fig. 1A) , one of the macrocyclic musk compounds, primarily is responsible for the characteristic odor of musk and is able to relieve pain and suppress inflammation [26, 41] . In China, some traditional Chinese medicine doctors use muscone to effectively treat neck pain [38] .
We therefore asked whether muscone could (1) block the effect of a proinflammatory factor (IL-1b) on end-plate chondrocytes in vitro, (2) inhibit inflammatory cytokine expression in degenerated IVD, and (3) prevent IVD degeneration in vivo. 
Materials and Methods
In vitro, we isolated chondrocytes from the end-plate cartilage of the cervical spine of rats. Chondrocytes were incubated in serum-free medium overnight and then different concentrations of IL-1b with or without muscone in 0.5% fetal bovine serum (FBS) were added. Chondrocytes cultured with no IL-1b or muscone served as controls. In replicate (three) experiments, we determined cell proliferation and NO production and examined mRNA expression of IL-1b, tumor necrosis factor a (TNF-a), COX-2, iNOS, MMP-13, aggrecanase 2 (ADAMTS-5), Col2a1, and aggrecan by real-time PCR analysis. Subconfluent endplate chondrocytes in monolayer cultures were switched to serum-free medium for 12 hours, treated with muscone for 6 hours, and then treated with IL-1b for 30 minutes. Cell lysates were prepared and Western blot was performed for phosphorylation of JNK, ERK1/2, and P38-MAPK. The Chinese local Animal Ethics Committee approved collection of the IVD samples and chondrocytes.
In vivo, we randomly assigned 30 rats, 3 months old, for control (n = 10), surgery (n = 10), and muscone (n = 10) groups. Rats in the surgery and muscone groups underwent surgery (excision of the paraspinal muscles and the supraspinous and interspinous ligaments from C2-C7) that results in IVD degeneration [47] . Four months later, rats in the muscone group were fed muscone once a day for 30 days. Five months after surgery or sham surgery, the cervical spines of all rats were harvested for hematoxylin and eosin staining, in situ hybridization, and ELISA analysis. The ELISA results were repeated three times. All experiments were performed under the auspices of the Animal Ethics Committee.
In replicate (three) experiments, we isolated primary chondrocytes from the end-plate cartilage of the cervical spine of three 4-week-old Sprague-Dawley rats. The cartilage end plate of six C3-C7 intervertebral spaces were removed carefully from the vertebrate and minced into small pieces (\ 0.3 mm 3 ). Twelve samples were digested sequentially with 0.2% trypsin (Sigma-Aldrich, St Louis, MO) at 37°C for 20 minutes followed by 0.02% collagenase (Sigma) at 37°C for 24 hours. The digested tissue was filtered through a 100-lm cell strainer (BD Biosciences, Bedford, MA). Cells were washed with phosphate-buffered saline and then plated at a density of 2 9 10 4 cells/cm 2 in tissue culture flasks and cultured in Dulbecco's Modified Eagle Medium (DMEM; Gibco, New York, NY) supplemented with 10% FBS (HyClone, Logan, UT) and 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA) in a humidified 5% CO 2 at 37°C. Cells cultured at Passage 1 were used for the experiments. Cells were counted with a hemacytometer and cultured at 1 9 10 5 cells per well in 2 mL growth medium in six-well plates (Corning, New York, NY).
We placed 1 9 10 4 cells each in two 96-well plates and cultured them in 0.1 mL DMEM supplemented with 10% FBS. After culture for 1 day, such cells were incubated in serum-free medium overnight and then every six wells were treated with IL-1b (0, 1, 5, 10, and 20 ng/mL), muscone (0, 6.25, 12.5, and 25 lmol/L) (Biomol, Plymouth Meeting, PA), or IL-1b (10 ng/mL) with muscone (6.25, 12.5, and 25 lmol/L) in 0.5% FBS for 24 hours. The viability of end-plate chondrocytes was determined using a MTT (3-[4, 5-dimethylthiazol-2-yi]-2, 5-diphenyl tetrazolium bromide)-based cell proliferation and viability assay kit according to the instructions of the manufacturer (R&D Systems, Minneapolis, MN).
We placed 1 9 10 5 cells each in five wells of a six-well plate (Corning) and cultured them in 2 mL DMEM supplemented with 10% FBS. After culture for 3 days, such cells were incubated in serum-free medium overnight and then treated with IL-1b (0 and 10 ng/mL) or IL-1b (10 ng/ mL) + muscone (6.25, 12.5, and 25 lmol/L) in 0.5% FBS for 24 hours. RNA was harvested using an RNeasy 1 kit (Qiagen, Valencia, CA) according to the manufacturer's protocol. Total RNA (1 lg) was reverse-transcribed using the Advantage TM RT-for-PCR kit (Qiagen) following the manufacturer's protocol. Freshly reverse-transcribed cDNA was used for real-time PCR using SYBR 1 Green (Bio-Rad, Hercules, CA) to monitor DNA synthesis. The primers for Col2a1, aggrecan, IL-1b, TNF-a, COX-2, iNOS, MMP-13, ADAMTS-5, and b-actin were designed by TaKaRa Biotechnology Co Ltd (Otsu, Shiga, Japan), and the target sites on genes and PCR product length are shown in Table 1 . PCR was performed using the Rotor-Gene TM real-time DNA amplification system (Corbett Research, Sydney, Australia) using the following cycling protocol: a 95°C denaturation step for 5 minutes followed by 40 cycles of 95°C denaturation (20 seconds), 62°C annealing (20 seconds), and 72°C extension (20 seconds). Detection of the fluorescent product was performed at the end of the 72°C extension period. Gene expression was normalized to b-actin. PCR products were subjected to melting curve analysis, and the data were analyzed and quantified using Rotor-Gene TM 6.0 analysis software analysis software (Corbett Research).
We placed 1 9 10 5 cells each in two six-well plates and cultured them in 2 mL DMEM supplemented with 10% FBS. After culture for 3 days, the two six-well plates were switched to serum-free medium for 12 hours. Chondrocytes of four wells of one plate were treated with IL-1b (0, 1, 5, and 10 ng/mL), and chondrocytes of four wells of the other plate were treated with IL-1b (0 ng/mL) + muscone (0 lmol/L) or IL-1b (10 ng/mL) + muscone (6.25, 12.5, and 25 lmol/L); both plates' chondrocytes were cultured for 24 hours. We determined nitrite levels of the culture medium through indirect measurement of the NO production using the Greiss method as described by Evans et al. [7] . We placed 1 9 10 5 cells each in five wells of a six-well plate and cultured them in 2 mL DMEM supplemented with 10% FBS. After culture for 3 days, the six-well plates were switched to serum-free medium for 12 hours. Chondrocytes of four wells were treated with muscone (0, 6.25, 12.5 and 25 lmol/L) for 6 hours and then treated with IL-1b (10 ng/mL) for 30 minutes; another well without any treatment served as a control. The end-plate chondrocytes were lysed in Golden lysis buffer supplemented with protease inhibitor (Boehringer Mannheim, Indianapolis, IN), 1 mmol/L sodium orthovanadate, 1 mmol/L ethyleneglycol-bis-(b-aminoethyl ether), 1 mmol/L sodium fluoride, and 1 lmol/L microcysteine (Sigma). Protein concentrations were quantified using the Coomassie Plus TM Protein Assay Kit (Bio-Rad). Thirty micrograms of protein was separated by SDS-PAGE and then transferred to a PVDF membrane (NEN Life Science Products Inc, Boston, MA). The blots were probed overnight at 4°C with rabbit anti-rat phosphor-JNK antibody (Cell Signaling Technology Inc, Danvers, MA), phosphor-ERK 1/2 antibody (Upstate Biotechnology Inc, Lake Placid, NY), or phosphor-P38 antibody (Upstate Inc). After washing, the membranes were incubated for 1 hour at 20°C with goat anti-rabbit-immunoglobulin G (Oncogene, Boston, MA). Immune complexes were detected using Odyssey 1 Infrared Imaging System (LI-COR Bioscience Inc, Lincoln, NE). Membranes were reprobed for b-actin to confirm equal protein loading. We repeated the experiment three times. Thirty 3-month-old Sprague-Dawley rats were obtained from the Shanghai Laboratory Animal Center of the Chinese Academy of Science and were randomly assigned to one of three groups (control, surgery, or muscone), with five male and five female rats in each group. Rats in the control group underwent sham surgery. The skin in the nuchal area was incised but immediately closed thereafter. Rats in the surgery group were anesthetized and their paraspinal muscles from C2-C7 were exposed and excised from a midline nuchal incision over the posterior cervical spine [47] . In addition, the supraspinous and interspinous ligaments were sharply excised at each level. The third experimental group was designated the muscone group. Four months after the real surgery, rats were fed 10 mg muscone per kg once a day for 30 days. Five months after the real or sham surgery, all rats were euthanized using 100 mg pentobarbitone sodium per kg (Nembutal 1 ; Boehringer Ingelheim, North Ryde, Australia), and their cervical spines were harvested for analysis.
We collected eight en bloc specimens of the IVDs with the adjacent vertebral end plates from the C4-C5 level. They were fixed, decalcified, dehydrated, clarified with dimethylbenzene, and embedded in olefin. At least four consecutive 7-lm sections were prepared at the mediansagittal planes and stained using hematoxylin and eosin and toluidine blue. The morphologic features of the cartilage end plate, annulus fibrosus, and nucleus pulposus were observed using an Olympus BX 50 microscope (Olympus, Tokyo, Japan), and TNF-a-labeled cell numbers were determined using a semiautomated image autoanalysis system (CMIAS-99B, Okolab, Milan, Italy). The histologic evaluations were performed by an independent pathologist (CJZ) who specializes in musculoskeletal histology/ pathology and was blind to the intervention. The TNF-a probe was purchased from Boehringer Mannheim. Radiolabeled probes were produced by transcribing linearized antisense cDNA in the presence of [ 33 P]UTP (Amersham, Little Chalfont, UK) using T3 or T7 polymerases at 37°C for 2 hours. Template DNA was degraded using RNase-free DNase (Qiagen). The labeled RNA was purified through a MicroSpin TM G-50 column (Amersham, Pharmacia Biotech, Piscataway, NJ), and radioactivity counts were determined. Sense probes were used as negative controls. After dewaxing and rehydration, sagittal sections of end-plate cartilage were pretreated with a standard hybridization buffer. Hybridization was performed at 55°C for 24 hours. Nonspecific binding was hydrolyzed by adding 20 lg/mL RNase A. The slides subsequently were incubated in 5x sodium chloride-sodium citrate buffer/ 40 mmol/L b-mercaptoethanol and 50% formamide/ 19 sodium chloride-sodium citrate buffer/40 mmol/L b-mercaptoethanol at 55°C. Kodak NTB-2 emulsion-dipped slides were exposed for 5 to 14 days and autoradiography was performed using Kodak film (Eastman Kodak Co, Rochester, NY). TNF-a-labeled cells were counted using the semiautomated image autoanalysis system (CMIAS-99B).
We homogenized eight C5-C6 IVD and cartilage endplate tissue samples of equal mass by ultrasonication in an ice bath. The homogenates were centrifuged at 13,000 rpm for 3 minutes at room temperature. PGE2, IL-1b, and 6keto-prostaglandin F1a (6-K-PGF1a) in the supernatant were measured using commercial ELISA kits (R&D Systems).
Data are expressed as means with SDs. We assessed whether our data met the assumption for normal distribution by performing the Kolmogorov-Smirnov test. Our data met the assumption for normal distribution (mRNA expression of IL-1b: p = 0.269; mRNA expression of COX-2: p = 0.148; mRNA expression of TNF-a: p = 0.142; mRNA expression of Col2a1: p = 0.783; mRNA expression of aggrecan: p = 0.973; mRNA expression of MMP-13: p = 0.343; mRNA expression of ADAMTS-5: p = 0.906; mRNA expression of iNOS: p = 0.988; cell viability treated by IL-1b: p = 0.924; cell viability treated by muscone: p = 0.905; cell viability treated by IL-1b and muscone: p = 0.997; NO production treated by IL-1b: p = 0.942; NO production treated by IL-1b and muscone: p = 0.840; ELISA test of PGE2: p = 0.781; ELISA test of 6-K-PGF1a: p = 0.990; ELISA test of IL-1b: p = 0.972; and TNF-a-labeled cell numbers: p = 0.972). The following were compared using ANOVA and post hoc testing using Dunnett's t test: differences in cell viability among different Il-1b doses (0, 1, 5, 10, and 20 ng/mL) and different muscone doses (0, 6.25, 12.5, and 25 lmol/L); differences in NO production among different IL-1b doses (0, 1, 5, 10, and 20 ng/mL); differences in cell viability, NO production, and relative gene expression levels among 10 ng/mL IL-1b and four other different treatments (0 ng/ mL IL-1b + 0 lmol/L muscone, 10 ng/mL IL-1b + 6.25 lmol/L muscone, 10 ng/mL IL-1b + 12.5 lmol/L muscone, 10 ng/mL IL-1b + 25 lmol/L muscone) in vitro; and differences in TNF-a-labeled cell numbers and protein contents of PGE2, 6-K-PGF1a, and IL-1b among control, surgery, and muscone groups. Statistical analysis was performed using SPSS 1 10.0 (SPSS Inc, Chicago, IL).
Results
Muscone blocked the effect of IL-1b on the end-plate chondrocytes in vitro. Treatment with IL-1b reduced the viability of the end-plate chondrocytes in a dose-dependent manner (Fig. 1B) . The addition of muscone alone did not negatively affect the viability of end-plate chondrocytes (Fig. 1C ) but blocked the IL-1b-induced cytotoxic effects in vitro (Fig. 1D) . In end-plate chondrocytes, exogenous IL-1b resulted in an increase of endogenous IL-1b, TNF-a, and COX-2 mRNA expression, but treatment with 25 lmol/L muscone reduced the three cytokines induced by exogenous IL-1b (Fig. 2) . In end-plate chondrocytes, nitrite levels were induced by IL-1b. The response was attenuated by muscone in a dose-dependent manner, especially by 25 lmol/L muscone. Furthermore, stimulation with IL-1b (10 ng/mL) upregulated the mRNA level of iNOS, which also was blocked by 25 lmol/L muscone (Fig. 3 ). In addition, IL-1b (10 ng/mL) downregulated Col2a1 and aggrecan, whereas it upregulated MMP-13 and ADAMTS-5. However, 25 lmol/L muscone increased mRNA expression of Col2a1 and aggrecan and downregulated MMP-13 and ADAMTS-5 induced by IL-1b ( Fig. 4 ). In addition, the phosphorylation levels of ERK1/2, JNK, and P38-MAPK were increased by stimulation of IL-1b (10 ng/mL) for 30 minutes. Pretreatment with muscone (6.25-25 lmol/L) inhibited phosphorylation levels of ERK1/2 and JNK in a dose-dependent manner. However, pretreatment with as much as 25 lmol/L muscone did not suppress phosphorylation of P38-MAPK ( Fig. 5) .
Muscone showed antiinflammatory action in vivo. The concentration of PGE2, 6-K-PGF1a, and IL-1b were greater in the IVD homogenates of the surgery group than in the control group, but the muscone group showed lower concentrations than the surgery group (Fig. 6 ). In situ hybridization showed the number of TNF-a-labeled cells in the cartilage end plate was higher in the surgery group than in the control group but was reduced in the muscone group compared with the surgery group (Fig. 7A-B) .
Muscone inhibited disc degeneration. The mice receiving muscone (10 mg/kg) treatment for 30 days had no obvious adverse reactions or side effects. Histologic examination of the C4-C5 IVDs and adjacent end-plate cartilage of the control group samples showed a normal, well-organized annulus fibrosus surrounding an intact nucleus pulposus. The cartilage end plate was organized to superficial noncalcified and deeper calcified cartilage layers. In the surgery group samples, the fibers of the annulus fibrosus were disoriented and fragmented. The nucleus pulposus was shrunken and disorganized. Muscone treatment almost completely restored the structural characteristics of the spine subjected to accelerated degeneration from surgery. The morphologic features of the IVDs and end-plate cartilage were close to normal in the muscone group (Fig. 7C ).
Discussion
Degenerated discs spontaneously generate increased amounts of inflammatory mediators, especially IL-1b, which not only stimulates the release of degenerative enzymes such as MMPs but also inhibits synthesis of extracellular matrix proteins [32, 37] . Inhibition of IL-1b can be an important therapeutic approach for preventing and reversing disc degeneration [6] . Muscone relieves pain and suppresses inflammation [26, 41] . We therefore hypothesized muscone could block the effect of a proinflammatory factor (IL-1b) on end-plate chondrocytes in vitro, inhibit inflammatory cytokine expression, and prevent IVD degeneration in degenerated IVDs in vivo.
Several limitations to this study should be noted. First, in our in vitro study, we did not examine the effect of muscone on the protein level of inflammatory mediators. Obviously not all changes in gene expression are translated into protein expression and our findings require confirmation at the protein level. Second, we studied select inflammatory regulators and cannot make conclusions about others. Third, in our in vivo study, we used only one IVD degeneration animal model; different kinds of animal models should be used in additional studies to confirm our conclusions. Showing muscone retards end-plate cartilage degeneration by its antiinflammatory effects does not necessarily mean it will protect the annulus fibrosus and nucleus pulposus. Additional in vitro study of cells isolated from the annulus fibrosus and nucleus pulposus is needed.
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P=0.004 2.5 We investigated whether muscone could block the effect of IL-1b on end-plate chondrocytes in vitro because IL-1b stimulates the release of degenerative enzymes such as MMPs [25] and inhibits synthesis of extracellular matrix proteins [10] ; IL-1b will stimulate and IL-1 receptor antagonist will inhibit matrix degradation in intact human IVD tissue [15] . Previous reports suggested IL-1b is a key cytokine mediating matrix degradation in the IVD and therefore is a therapeutic target [6, 10, 15, 16, [23] [24] [25] . Our data suggest, in end-plate chondrocytes, cell viability and expression of aggrecan and Type II collagen genes were downregulated, whereas matrix-degrading proteases (MMP-13 and ADAMTS-5), and the investigated cytokines and NO production, were induced by IL-1b. These findings are consistent with those of previous studies [5, 8, 19, 43] . In our study, muscone inhibited those activities of IL-1b and suggested muscone is an anti-IL-1b agent.
We then examined the effect of muscone on the downstream signal factors of IL-1b and found muscone blocked activation of JNK and ERK1/2 but not P38-MAPK. Although there are no reports suggesting whether inhibition of ERK1/2 and JNK could provide a therapeutic approach to slow the course of IVD degeneration, some studies of articular chondrocytes have indicated inhibition of ERK1/2 and JNK downregulates MMPs and effectively treats rheumatoid arthritis [22, 44] . In addition to regulation of MMPs, ERK also modulates Type II collagen expression [13] and regulates COX-2 expression and PGE2 production [48] . Those studies suggest the inhibitory effects of muscone on generation of IL-1b and the procatabolic function of IL-1b arise from inhibition of the JNK and ERK1/2 signal pathways. Additional studies are needed to determine the mechanisms responsible for inhibition of muscone on ERK1/2 and JNK in end-plate chondrocytes.
After identifying the effect of muscone on end-plate chondrocytes in vitro, we determined whether muscone could inhibit the expression of inflammatory factors and prevent IVD degeneration in vivo. We examined the effect of muscone on an IVD degeneration animal model. Our data suggest the cervical disc of the surgery group had severe degenerative changes with the increase of inflammatory cytokines (TNF-a, IL-1b, PGE2, and 6-K-PGF1a), consistent with results of previous reports that degenerated discs spontaneously generate increased amounts of inflammatory mediators [24, 47] . However, in our study, muscone reduced expression of those inflammatory mediators and almost completely restored the structural characteristics of the spine subjected to accelerated degeneration from surgery.
Our in vivo and in vitro studies suggested muscone prevented IVD degeneration by its antiinflammatory effect. It has been reported muscone prevents and treats complications of myocardial infarct [49] . Naturally occurring muscone from the group of macrocyclic musk compounds, a group of substances that have not yet been well characterized with respect to their toxicologic properties, is active in vitro with a hormonelike effect [1] . It has been reported synthetic musk fragrance compounds have agonistic activities toward human estrogen receptors a and b and have antagonistic activity toward the human androgen receptor [29] . Also, the effect of hormonelike substances on cartilage cells has been described [12] . The hormonelike IL-1 (10 ng/mL) Muscone ( mol/L) 6.25 12.5 25
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Beta-actin Fig. 5 The phosphorylation levels of ERK 1/2, JNK, and P38-MAPK were increased by stimulation of IL-1b (10 ng/mL) for 30 minutes. Pretreatment with muscone (6.25-25 lmol/L) inhibited IL-1binduced phosphorylation of ERK 1/2 and JNK in a dose-dependent manner. However, pretreatment with as much as 25 lmol/L muscone did not suppress phosphorylation of P38-MAPK. effect of muscone might explain its antiinflammatory effect on IVD. Muscone also can enter the brain through the blood-brain barrier [4] , which might be the mechanism underlying the muscone attraction to the end plate. A complete pharmacodynamic study examining the systemic transportation and local distribution of muscone is the focus of a future investigation. Our data suggest muscone may block the effect of a proinflammatory factor (IL-1b) on the end-plate chondrocytes in vitro, inhibit inflammatory cytokine expression in degenerated IVDs, and prevent IVD degeneration in vivo. We believe muscone is a promising drug for therapy of diseases related to IVD degeneration. 
